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Abstract 

Educational Demands i n  the Aerospace Age 

By Glen Goodwin 

The problems which a modern research and development laboratory are called 

upon t o  solve require both skilled theoreticians and experimentalists who are 

capable of understanding and u t i l iz ing  very sophisticated experimental equip- 

ment. Many times measurements must be made i n  microseconds or nanoseconds where 

large interfering effects  are present. 

The recent graduate must be able t o  cope with these situations i n  order t o  

a.chieve, without a long and painful learning period, a. reasonable degree of pro- 

fessional advancement. The situation i s  a ha9py one i f  the student has been 

exposed t o  modern laboratory practices i n  h is  graduate work, but most often t h i s  

i s  not the ca.se. Modern experimental research equipment i s  costly a.nd, i n  most 

ca.ses, the very best equipment i s  the product of a long development period and 

may be unique t o  a particular research laboratory. 

If some method could be found t o  bring the graduate student and University 

professor i n  close contact with the modern government or industr ial  laboratory 

and i t s  s taf f ,  much valuable training and student motivation could be achieved. 

It i s  the purpose of t h i s  paper t o  discuss a plan now i n  i ts  embryonic 

stages a t  Ames Research Center t o  achieve some of these objectives. The paper 

w i l l  explain how an agreement has been worked out with three Universities, how 

it may be expanded, and how it can hopefully be advanta.geous t o  a l l  part ies  

involved. 
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Educat ional  Demands i n  t h e  Aerospace Age 

Ey Glen Goodwin* 

In t roduc t ion  

The dec is ion  t o  send men t o  t h e  moon i n  t h i s  decade r equ i r ed  t h e  

r a p i d  development of  t h e  technologies  t o  support  and make p o s s i b l e  t h a t  

explora t ion ;  t h i s  is  be ing  accomplished by a very r a p i d  t r a n s l a t i o n  from 

ideas  t o  r e a l i t i e s .  This requirement has l e d  t o  a much c l o s e r  r e l a t i o n -  

s h i p  between t h e  s c i e n t i s t  and t h e  engineer  than  has been achieved i n  

t h e  p a s t ,  with t h e  s i n g l e  except ion of  t h e  development of  nuc lea r  weapons. 

I t  has a l s o  brought about a mutual understanding between t h e  two groups 

and an apprec i a t ion  of each o the r s  problems. I n  t h e  realm of  atmospheric- 

e n t r y  physics  and technology, t h e  marriage between s c i e n t i s t  and engineer  

has been s o  complete a s  t o  render  them almost i n d i s t i n g u i s h a b l e .  We have 

a l s o  rediscovered t h e  o l d  p r i n c i p l e  t h a t  expe r t s  i n  d i f f e r e n t  d i s c i p l i n e s  

working toge the r  can make amazingly r a p i d  progress  on t h e  s o l u t i o n  of 

complex problems. I t  i s  t h i s  p r i n c i p l e  and how it  can be encouraged 

and s trengthened wi th in  our educat ional  system t h a t  w i l l  b e  t h e  main 

t o p i c  of  t h i s  paper .  

The I n t e r r e l a t i o n s h i p  Between Theory and Experiment 

To i l l u s t r a t e  t h e  foregoing p o i n t  some examples w i l l  b e  given t o  

show t h e  advantages of  u t i l i z i n g  theory  and experiment t oge the r  as  com- 

pared t o  e i t h e r  approach a lone ,  A dramatic  i l l u s t r a t i o n  i s  provided by 

one of t h e  f i r s t  problems NASA faced some 10 years  ago. We undertook 
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t h e  development of  e l e c t r i c - a r c  h e a t e r s  t o  hea t  a i r  t o  t h e  very high 

temperatures (more p r e c i s e l y  "enthalpy") needed t o  s imu la t e  r e e n w  i n t o  

t h e  e a r t h ' s  atmosphere a t  very  high v e l o c i t i e s .  Figure 1 i l l u s t r a t e s  

our progress  i n  terms of s t ream enthalpy (and corresponding r e t u r n  veloc-  

i t y )  achieved a s  a  func t ion  of development time i n  yea r s .  During t h e  

f i r s t  few years  we depended upon i n t u i t i o n  alone t o  guide our  experimen- 

t a l  e f f o r t s  a s  t h e o r e t i c a l  gu ide l ines  were not  a v a i l a b l e .  Note our  

dismal progress  during those  e a r l y  t imes!  F i n a l l y ,  my co l league  Howard 

S t i n e  was ab le  t o  develop a  theory  f o r  energy and momentum t r a n s f e r  i n  

one type  of  a r c  h e a t e r ,  c o n s i s t i n g  o f  a  cooled tube  with an e l e c t r i c  

cu r r en t  and a i r  flowing long i tud ina l ly  along t h e  tube  a x i s .  We immedi- 

a t e l y  pa t t e rned  our  e l e c t r i c  a r c  h e a t e r s  a f t e r  h i s  t h e o r e t i c a l  model. 

The change i n  progress  a f t e r  we had a  t h e o r e t i c a l  model t o  guide t h e  

development i s  noteworthy. I t  i s  a l s o  noteworthy t h a t  t h i s  e a r l y  

t h e o r e t i c a l  model was approximate b u t  capable of a n a l y t i c a l  s o l u t i o n  

i n  terms of t h e  phys ica l  v a r i a b l e  of t h e  problem. La te r  on, with t h e  

a i d  of  e l e c t r o n i c  computers, we were ab l e  t o  improve t h e  theory g r e a t l y .  

The year  t h e  improved theory became a v a i l a b l e  i s  a l s o  noted i n  f i g u r e  1. 

Although a  pure ly  experimental approach i s  o f t e n  unpro f i t ab l e ,  a  

pu re ly  a n a l y t i c a l  approach t o  a  phys ica l  s o l u t i o n  can a l s o  come t o  g r i e f  

i f  p e r t i n e n t  d e t a i l s  of t h e  phys ics  a r e  neglec ted .  An example of t h i s  

p i t f a l l  i s  shown i n  f i g u r e  2 .  A r een t ry  veh ic l e  i n  t h e  shape of a  b l u n t  

la rge-angle  cone was requi red  t o  e n t e r  t h e  atmosphere with t h e  conica l  

nose forward s i n c e  a  hea t  s h i e l d  could not  be provided over  t he  f l a t  

base region because of  mission c o n s t r a i n t s .  The center -of -gravi ty  loca- 

t i o n  was such t h a t  t he  veh ic l e  was more s t a b l e  f l y i n g  base forward than 

nose forward. Also, t he  e n t r y  a t t i t u d e  was unknown and some method had 



t o  b e  found t o  t u r n  t h e  veh ic l e  over  t o  a n o s e - f i r s t  a t t i t u d e  a t  a high 

a l t i t u d e  i n  o rde r  t o  avoid overhea t ing  t h e  unprotected base  reg ion .  

Theory p red ic t ed  t h a t  a method of accomplishing t h i s  maneuver was t o  

p u t  a small  fence along h a l f  of t h e  base .  Indeed, an e l egan t  theory 

was formulated t o  p r e d i c t  t h e  f o r c e  on t h e  fence caused by t h e  subsonic 

viscous flow downstream of t h e  bow shock wave, a s  shown i n  f i g u r e  2 .  

The theory ,  of course,  p red ic t ed  t h a t  t h e  model would p i t c h  upward a s  

shown by t h e  dashed arrow, b u t  when t h e  moments produced by t h i s  fence 

were measured i n  a hypersonic shock tunne l ,  t h e  f a c t s  proved otherwise.  

The model p i tched  downward a s  shown by t h e  s o l i d  arrow. The reason f o r  

t h i s  behavior  was immediately apparent  t o  a l l  when photographs of t h e  

bow shock wave were examined. The fence  had produced an i n c l i n e d  wave 

system over t h e  h a l f  of t h e  model conxaining t h e  fence and had reduced 

t h e  i n v i s c i d  p re s su res  over  t h e  base  of t h e  model i n  t h i s  reg ion ,  whi le  

leav ing  t h e  h ighe r  impact p re s su re  produced by t h e  n e a r l y  normal bow 

shock wave t o  a c t  over  t h e  o t h e r  h a l f  of t h e  base ,  as  shown by f i g u r e  3 .  

Happily, t h e  theory quick ly  incorpora ted  t h i s  new b i t  o f  phys ics  and i s  

now ab le  t o  p r e d i c t  t h e  r e a l  s i t u a t i o n  with good accuracy. 

These two examples were not  picked a t  random nor  i s  l i f e  always 

t h i s  simple, b u t  they do i l l u s t r a t e  t h e  p o i n t  t h a t  t h e  exper imenta l i s t  

must understand t h e  t h e o r e t i c a l  background of  h i s  problem and t h a t  

t h e o r e t i c a l  work must account f o r  a l l  t h e  important phys i ca l  f a c t s .  I t  

i s  very r a r e  t h a t  both s k i l l s  a r e  p r e s e n t  i n  a s i n g l e  i nd iv idua l  and i n  

o rde r  t o  ob ta in  t h e  needed c l o s e  communication t h e o r i s t s  and experimen- 

t a l i s t s  should work i n  t h e  same group o r  should have some means of day- 

to-day d iscuss ion .  



Birds of a Fea ther  Flock Together 

There a r e  s t rong  forces  a t  work which tend t o  s epa ra t e  people i n t o  

groups of  l i k e  d i s c i p l i n e s .  The ease  of communication wi th in  a s p e c i a l  

a r ea ,  t h e  a t t r a c t i o n  of o l d e r  recognized exper t s  i n  a f i e l d  f o r  t h e  

younger members of  t h e  p ro fe s s ion ,  and t h e  inc reas ing  complexity of bo th  

t h e o r e t i c a l  and experimental work a l l  con t r ibu te  t o  t h i s  t r end .  There 

a r e  c e r t a i n  advantages t o  t h i s  arrangement. Ce r t a in ly ,  techniques a r e  

developed very expedi t ious ly  a s  a r e s u l t  o f  t h i s  grouping toge the r ,  b u t  

many times t h e  use  of s p e c i a l  new techniques f o r  so lv ing  r e a l  problems 

i s  hampered. 

In  add i t i on  t o  t h e  aforementioned reasons f o r  s p e c i a l i s t s  banding 

toge the r ,  t h e r e  i s  t h e  inc reas ing  complexity and s p e c i a l i z a t i o n  of  

experimental equipment. I n  p a r t i c u l a r ,  t h e  shock tubes ,  shock tunne l s ,  

plasma guns, and b a l l i s t i c  ranges,  needed t o  s imula te  r e e n t r y  f l i g h t  

speeds and t h e i r  r e s u l t i n g  h igh  temperatures ,  have very s h o r t  t e s t  t imes.  

Data a r e  not  only gathered i n  s h o r t e r  and s h o r t e r  t e s t s ,  b u t  an exper i -  

menter working with modern systems has p l o t t e d  d a t a  i n  c o e f f i c i e n t  form 

presented  t o  him from computer opera ted  p l o t t e r s  w i th in  e i g h t  hours a f t e r  

a t e s t .  This s t a t e  of a f f a i r s  has  many advantages t o  t h e  mature exper i -  

men ta l i s t  who understands t h e  system and i t s  l i m i t a t i o n s ,  b u t  t o  t h e  new 

graduate  it p re sen t s  a bewildering new world. The t h e o r e t i c i a n ,  unfortu-  

na t e ly ,  tends t o  f e e l  t h a t  such an e l abo ra t e  system must s u r e l y  y i e l d  

the  c o r r e c t  information and tends t o  b e l i e v e  t h e  r e s u l t s  without ques t ion .  

Another bewildering s i t u a t i o n  confronts  t h e  r ecen t  graduate  when he 

jo ins  t h e  modem aerospace Laboratory s t a f f ;  experimental equipment and 

i t s  assoc ia ted  ins t rumenta t ion  are gene ra l ly  t h e  r e s u l t  WE lengthy devel- 

opment by t h e  s e n i o r  s t a f f  and a r e  f a r  from o f f - the - she l f  i t ems .  The 



young graduate  then  faces  t h e  problem of  a  long per iod  of f a m i l i a r i z a t i o n  

o f t en  f r u s t r a t i n g  enough t o  send him back t o  t h e  u n i v e r s i t y  t o  a  l i f e  

more f a m i l i a r .  The graduate  i n t e r e s t e d  i n  theory  faces  t h e  s p e c i a l i s t  

who has mastered t h e  problem of so lv ing  coupled s e t s  of d i f f e r e n t i a l  

equat ions ,  wi th  complex n o n l i n e a r i t i e s  and s i n g u l a r i t i e s ,  on a  d i g i t a l  

computer. 

Laboratory-University cooperat ion may h e l p  so lve  t h e s e  dilemmas of  

s tuden t s .  The t r a n s i t i o n  between l i f e  a t  t h e  u n i v e r s i t y  and membership 

i n  t h e  modern i n d u s t r i a l  o r  government l abo ra to ry  s t a f f  i s  eased by 

exposing t h e  s tuden t  t o  t h e  ou t s ide  l a b o r a t o r i e s  during h i s  graduate  

yea r s .  There a r e  a  number of NASA-university programs involv ing  a  very 

l a r g e  number of  u n i v e r s i t i e s  and f inanced a t  t h e  mul t imi l l ion  d o l l a r  

l e v e l .  These programs have been extremely succes s fu l  and have been 

widely r epo r t ed  ( see ,  f o r  example, r e f s .  1 and 2) . However, t h e  pur- 

pose of t h i s  d i scuss ion  i s  t o  desc r ibe  a  new program, now i n  i t s  

embryonic s t a g e ,  which w i l l  no t  only complement e x i s t i n g  programs b u t  

w i l l  perhaps h e l p  t o  so lve  t h e  t r a n s i t i o n  and o t h e r  problems ou t l i ned  

i n  t h e  foregoing p a r t  of t h i s  paper .  This program is  a  s e r i e s  of work- 

s tudy agreements between t h e  NASA Research Centers and t h e  u n i v e r s i t i e s  

i n  which each w i l l  hopefu l ly  b e n e f i t  from t h e i r  unique c a p a b i l i t i e s .  

S t r ipped  of t h e  l e g a l i s t i c  a u t h o r i t y  contained i n  t h e  Space Act which 

allows f o r  t h i s  c l o s e  cooperat ion,  t hese  work-study agreements a r e  

aimed a t  providing a  mechanism whereby i n t e r e s t e d  u n i v e r s i t y  s c i e n t i s t s  

and t h e i r  graduate  s tuden t s  can work i n  c l o s e  cooperat ion with t h e i r  

counterpar t s  w i th in  t h e  NASA Resea-rch Centers ,  S p e c i f i c a l l y ,  t he  

u n i v e r s i t y  s c i e n t i s t  and h i s  fel low NASA s c i e n t i s t  agree t o  work j o i n t l y  

on a  p r o j e c t  of mutual i n t e r e s t .  The f a c i l i t i e s ,  both t h e o r e t i c a l  and 

experimental ,  of t he  NASA Research Centers w i l l  b e  made a v a i l a b l e  t o  



t h e  u n i v e r s i t y ,  and the  u n i v e r s i t y  l a b o r a t o r i e s  and pool  of  t a l e n t  w i l l  

be  made a v a i l a b l e  t o  t h e  NASA s c i e n t i s t s  on a  w t u a l l y  b e n e f i c i a l  b a s i s .  

it i s  s t rong ly  emphasized t h a t  t h e  b e n e f i t  from t h e s e  agreements nus t  

be  mutual o r  t h e  program w i l l  no t  grow and prosper .  While t h e  agreements 

t o  work and s tudy  toge the r  a r e  made as  broad a s  p o s s i b l e ,  implementing 

s p e c i f i c  p r o j e c t s  w i  11 b e  l e f t  t o  t h e  ind iv idua l  s c i e n t i s t  concerned. 

The con tac t s ,  t h e  e x t e n t  of t h e  cooperat ion on an ind iv idua l  p r o j e c t ,  

w i l l  be  l e f t  t o  t h e  ind iv idua l  s c i e n t i f i c  workers. The exchange of  

monies t o  support  each ind iv idua l  p r o j e c t  w i l l  b e  handled a s  simply as  

poss ib l e  i n  t h e  form of small  g r a n t s .  

In essence,  t h e  agreement could permit  t h e  Center  t o  make a v a i l a b l e  

t o  a  u n i v e r s i t y  funds not  t o  exceed a  s p e c i f i e d  t o t a l  amount p e r  year  

f o r  reimbursing out-of-pocket c o s t s  f o r  conducting research  of i n t e r e s t  

t o  both t h e  Research Center and t h e  u n i v e r s i t y  e i t h e r  a t  t h e  u n i v e r s i t y  

o r  a t  t h e  Center  us ing  Center f a c i l i t i e s  by f a c u l t y  members and appropr ia te  

s tuden t s  o r  technic ians .  

Each research  e f f o r t  must n e c e s s a r i l y  f i t  w i th in  a  research  program 

a c t i v e  a t  t h e  Center and would b e  supported a t  an appropr i a t e  l e v e l  i n  

a  given yea r ,  and would be t h e  j o i n t  r e s p o n s i b i l i t y  of  t h e  f a c u l t y  

member proposing i t  and h i s  NASA coun te rpa r t .  Students  working t h e r e i n  

would se rve  an i n t e r n s h i p  under t h i s  f a c u l t y  advisor .  

i n  add i t i on ,  t h e  Center would make a v a i l a b l e  a t  t h e  u n i v e r s i t i e s ,  

reques t  c e r t a i n  s e n i o r  research  s c i e n t i s t s  t o  p a r t i c i p a t e  i n  t h e  teach- 

ing  programs of t h e  u n i v e r s i t y .  This might have t h e  added advantage of  

f r e e i n g  u n i v e r s i t y  f a c u l t y  t o  devote a d d i t i o n a l  time t o  r e sea rch ,  I t  

could a l s o  b r i n g  to t h e  u n i v e r s i t i e s ,  i n  c e r t a i n  s p e c i a l i z e d  a reas ,  

t a l e n t  not now a v a i l a b l e .  



The u n i v e r s i t y  would make a v a i l a b l e  t o  t h e  Center a  pool of research  

t a l e n t  t h a t  would b o l s t e r  NASA research  e f f o r t ,  whi le  a t  t h e  same time 

extending t h e  research  f a c i l i t i e s  and oppor tun i t i e s  i n  advanced research  

a reas  of t h e  phys i ca l  and l i f e  sc iences  t o  t h e  f a c u l t y  and s tuden t s .  

An example of t h e  p e r t i n e n t  p a r t s  of an agreement now a c t i v e  between 

one midwestern u n i v e r s i t y  and Ames Research Center  i s  given i n  t h e  follow- 

ing  paragraphs.  This example was worked out  t o  f i t  t h e  p a r t i c u l a r  d e s i r e s  

of t h e  Center and of  t h a t  u n i v e r s i t y  and should be regarded only a s  t y p i c a l .  

THE RESEARCH CENTER AGREES: 

1. t o  a r range ,  i n  response t o  reques ts  from t h e  Univers i ty ,  meetings 

with s c i e n t i s t s ,  and o t h e r  p ro fe s s iona l  personnel  employed o r  engaged i n  

work a t  t h e  Research Center;  Provided, however, t h a t  a l l  such meetings 

s h a l l  be  scheduled a t  reasonable t imes and hours  and i n  no event  s h a l l  

such meetings adversely i n t e r f e r e  with t h e  a c t i v i t i e s  and func t ions  of  

t h e  Research Center o r  personnel  t he reo f ;  

2 .  t o  fu rn i sh  i n  response t o  reques ts  from t h e  Univers i ty ,  and a t  

no charge, access  t o  l i b r a r y ,  l abo ra to ry ,  o r  o t h e r  f a c i l i t i e s  a t  t he  

Research Center during reasonable t imes and hours ,  and, moreover, t o  

permit t he  Univers i ty  t o  use,  a t  no charge, a  reasonable amount of o f f i c e ,  

l abora tory ,  o r  o t h e r  space a t  t h e  Research Center  i f  such space is a v a i l -  

ab l e ;  Provided, however, t h a t  t h e  Research Center  may te rmina te  such use  

upon n o t i c e  i n  w r i t i n g  forwarded t o  t h e  Univers i ty  not  l e s s  than one 

month i n  advance of t h e . d a t e  of te rmina t ion;  

3.  t o  reimburse, i n  whole o r  i n  p a r t ,  b u t  only on w r i t t e n  demand 

by t h e  Univers i ty ,  c o s t s  f o r  t h e  use of Univers i ty  s e r v i c e s ,  equipment, 

personnel ,  and f a c i l i t i e s  f o r  those p r o j e c t s  , programs, o r  a c t i v i t i e s ,  

t o ,  and undertaken by t h e  p a r t i e s  a t  t h e  

of t h e  Research Center  communicated t o  the  



Univers i ty  i n  advance of t h e  undertaking involved; Provided, however, 

t h a t  any arrangements f o r  reimbursement s h a l l  be  s u b j e c t  t o  t h e  t e r n s ,  

condi t ions ,  and l i m i t a t i o n s  s e t  f o r t h  and agreed upon as  p a r t  of t h i s  

agreement; 

4. t o  make a v a i l a b l e  a t  t h e  f a c i l i t i e s  o r  f i e l d  p r o j e t s  of  t h e  

Research Center i nc lud ing  t h e  l a b o r a t o r i e s  t he reo f  u se fu l  work exper i -  

ence, i n  b a s i c  and app l i ed  research ,  f o r  personnel  ma t r i cu l a t ed  a t  t h e  

Univers i ty  and fu rn i shed  t o  t h e  Research Center ,  who have been q u a l i f i e d  

by t h e  Univers i ty  t o  undertake work-study a s  au thor ized  under t h e  f e d e r a l  

College Work-Study Program; And, moreover, t h e  Research Center s h a l l  be 

deemed t h e  employer of  any person s o  furn ished;  Except t h a t  none s h a l l  

be considered an employee of t h e  Federal  Government w i th in  t h e  meaning 

of laws administered by t h e  United S t a t e s  C i v i l  Serv ice  Commission. The 

u l t ima te  r i g h t  t o  con t ro l  and d i r e c t  t h e  work of  a l l  such persons s h a l l  

devolve upon t h e  Research Center;  

5. t o  con t r ibu te  a s h a r e  of t h e  compensation payable t o  each of 

t h e  Universi ty  personnel  who a r e  au thor ized  t o  work under t h e  con t ro l  and 

d i r e c t i o n  of t h e  Research Center i n c i d e n t  t o  t h e  f e d e r a l  College Work-Study 

Program, and t o  compensate t h e  Univers i ty  f o r  unreimbursed admin i s t r a t i ve  

cos t s  r e l a t e d  t h e r e t o  consonant with t h e  terms,  condi t ions ,  and l i m i t a t i o n s  

s e t  f o r t h  i n  t h i s  agreement; Provided, however, t h a t  t h e  Research Center 

s h a l l  have access ,  a t  any time, t o  r e l e v a n t  records  of t h e  Univers i ty  s o  

as t o  assure  t h e  appropr ia teness  of payments made f o r  t h e s e  purposes; 

THE UNIVERSITY AGREES: 

6.  t o  make a v a i l a b l e  f o r  p r o j e c t s  of  mutual i n t e r e s t ,  t h e  use of 

s e r v i c e s ,  equipment, personnel ,  and f a c i l i t i e s  c o n t r o l l e d  by t h e  Univers i ty , ;  

bu t  a v a i l a b i l i t y  of  t h e  same s h a l l  b e  c o n s i s t e n t  with,  and s h a l l  not  be  



permi t ted  t o  impede, t h e  func t ions ,  i n t e r e s t s ,  and a c t i v i t i e s  of t h e  

Univers i ty .  Univers i ty  personnel  who a r e  s o  u t i l i z e d ,  o r  who otherwise 

provide s e r v i c e s  inc luding ,  by way of d e s c r i p t i o n  and no t  l i m i t a t i o n ,  

p a r t i c i p a n t s  i n  t h e  "on-campus" segment of  t h e  f e d e r a l  College Work-Study 

Program, s h a l l  b e  con t ro l l ed  and d i r e c t e d  i n  t h e i r  work, o r  research ,  

by t h e  Univers i ty .  

7 .  t o  permit ,  s t r i c t l y  on a  space-ava i lab le  b a s i s ,  and a t  no 

charge, f e d e r a l  employees s e l e c t e d  by t h e  Research Center  t o  a t t e n d  

classroom o r  o t h e r  l e c t u r e s  conducted under t h e  auspices  of t h e  Univer- 

s i t y ,  b u t  no such person s h a l l  b e  en ro l l ed  by t h e  Univers i ty  a s  e i t h e r  

a  s tuden t  o r  a u d i t o r  o r  otherwise be  considered a s  admit ted t o  t h e  

Univers i ty  f o r  any purpose; 

8. t o  p u b l i c i z e  a t  t h e  Univers i ty  t h e  mat te rs  concerning t h i s  

Agreement, inc luding  oppor tun i t i e s  a v a i l a b l e  t o  au thor ized  p a r t i c i p a n t s  

"on-campus" and "off-campus" under t h e  provis ions  of  t h e  f e d e r a l  College 

Work-Study Program; 

9. t o  fu rn i sh  support  personnel ,  of t h e  type  and i n  t h e  numbers, 

requested by t h e  Research Center f o r  purposes o f  adminis te r ing  t h e  

mat te rs  contemplated by t h i s  Agreement, and, i n  such event ,  t h e  

Universi ty  s h a l l  b e  reimbursed f o r  t h e  cos t s  involved s u b j e c t  t o  t h e  

terms, condi t ions ,  and l i m i t a t i o n s  of t h i s  agreement. Where f e a s i b l e ,  

bu t  a t  t h e  s o l e  d i s c r e t i o n  of t h e  Univers i ty ,  and i f  otherwise con- 

s i s t e n t  with law, support  personnel  may be  obtained,  b u t  only f o r  work 

a t  t h e  Univers i ty ,  from e n r o l l e e s  i n  t h e  Neighborhood Youth Corps con- 

sonant with t h e  a u t h o r i t y  contained i n  T i t l e  l - B  of t h e  Economic 

Opportunity Act s f  1964, as  mended, 42  U . S . C .  2731 e t ,  s e q . ;  



10. t o  permit  Univers i ty  personnel ,  notwithstanding any o t h e r  

provis ion  of t h i s  Agreement, t o  donate,  without  condi t ion ,  a  g i f t  of 

t h e i r  s e rv i ces  t o  t h e  National Aeronautics and Space Administrat ion i f  

such donation does no t  adverse ly  i n t e r f e r e  with,  o r  impede, t h e  func- 

t i o n s  o r  a c t i v i t i e s  of t h e  Univers i ty ;  Provided, however, t h a t  t h e  

p r o f f e r  of such uncondit ional  donat ion of  s e r v i c e s ,  be fo re  commencing 

performance the reo f ,  i s  f i r s t  accepted i n  w r i t i n g  by competent f e d e r a l  

a u t h o r i t y ,  and is  otherwise c o n s i s t e n t  with Subsect ion 203(b) (4) of t h e  

National  Aeronautics and Space Act of  1958, a s  amended, t o g e t h e r  with 

r egu la t ions  i n  implementation the reo f ;  

BOTH PARTIES AGREE : 

11. t h a t  persons,  agents ,  and se rvan t s  connected with e i t h e r  p a r t y  

may e n t e r  t h e  premises and f a c i l i t i e s  of t h e  o t h e r  f o r  purposes of admin- 

i s t e r i n g  mat te rs  a r i s i n g  under t h i s  Agreement o r  otherwise d ischarg ing  

t h e  terms the reo f ;  However, a  p a r t y  may be  r equ i r ed  t o  remove from t h e  

premises o r  f a c i l i t i e s  of t h e  o t h e r  p a r t y  any person,  agent ,  o r  s e rvan t  

connected with t h e  former who i s  c a r e l e s s ,  insubordina te ,  o r  otherwise 

objec t ionable ,  and such reques t  f o r  removal s h a l l  b e  f i n a l  and conclusive 

and not  sub jec t  t o  appeal .  Moreover, a t  t h e  s o l e  d i s c r e t i o n  of t h e  

Research Center access  t o  a l l ,  o r  any p a r t  o f ,  f a c i l i t i e s  a t  t h e  Center,  

f o r  reasons of n a t i o n a l  s e c u r i t y  o r  otherwise,  may be  ba r r ed  t o  any 

person connected with e i t h e r  of t h e  p a r t i e s  he re to ,  and t h e  dec is ion  by 

t h e  Research Center t o  deny access  s h a l l  be  f i n a l  and conclusive and 

not  s u b j e c t  t o  appeal ; 

1 2 .  t h a t  r i g h t s ,  i f  any, i n  t h e  f e d e r a l  Government t o  invent ions  

made by Universi ty  personnel ,  inc luding  s tuden t s ,  i n  t h e  performance 

of work contemplated by t h i s  Agreement s h a l l  be determinable by recourse 

e i t h e r  t o  Subsect ion 305 of t he  National Aeronautics and Space Act of 



1958, as  amended, o r  Executive Order 10096, as amended by Executive 

Order 10930, together  with f ede ra l  regula t ions  i n  implementation the reof ,  

and t h e  Patent  Counsel of t h e  Research Center s h a l l  be  ava i l ab le  t o  

e i t h e r  p a r t y  f o r  advice and guidance i n  t h i s  regard.  Rights and obliga- 

t i ons  involving da ta  and copyrights a r e  determinable by recourse t o  

Schedule P annexed he re to  and made a p a r t  hereof .  

13, t h a t  t h e  Ass is tant  Direc tor  f o r  , NASA-Ames 

Research Center and the  Universi ty a re  t h e  r e spec t ive  

authorized representa t ives  of t h e  Direc tor  of t h e  Research Center and 

t h e  President  of t h e  Universi ty i n  connection with a l l  matters  pe r t a in ing  

t o ,  o r  a r i s i n g  under, t h i s  Agreement. Each of t h e  s a i d  authorized repre-  

s e n t a t i v e s ,  upon no t i ce  i n  wr i t ing  communicated i n  advance t o  t h e  o the r ,  

may re-de legate ,  i n  whole o r  i n  p a r t ,  h i s  au thor i ty  a r i s i n g  under t h i s  

Agreement. 

The foregoing excerpts  from t h e  agreement o u t l i n e  a mechanism whereby 

the  Center s c i e n t i s t  and h i s  un ive r s i ty  counterpart  may col labora te  t o  

the  b e n e f i t  of both groups. We hope t h a t  t h i s  program w i l l  be expanded. 

In  order  t o  be  f r u i t f u l ,  i t s  expansion must proceed slowly, and w i l l  

depend f o r  i t s  success upon the  motivation of t h e  indiv idual  s c i e n t i s t s  

themselves and upon t h e i r  s i n c e r e  d e s i r e  t o  accomplish t h i s  cooperation. 
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